The 2018 Dietary Glutamate Workshop was organized and sponsored by the International Glutamate Technical Committee to provide a platform for a broad expert discussion on all relevant aspects of glutamate metabolism and safety in human nutrition. The participants reached a consensus with previous safety evaluations conducted by the global expert bodies, but contradicted the 2017 re-evaluation of dietary glutamates by the European Food Safety Authority, which proposed a group acceptable daily intake (ADI) of 30 mg/kg body weight per day. The participants of the Workshop concluded that the present knowledge on metabolism, kinetics, developmental and general toxicity of dietary glutamates did not warrant a change in the previous ADI of "not specified."
The 2018 Dietary Glutamate Workshop consisted of a set of presentations and discussion sessions among 8 leading experts on various aspects of amino acid (food ingredients) metabolism, toxicology, and exposure assessment. The Workshop participants recognized the unambiguous presence of free (non-protein bound) glutamate in food and those glutamate forms that are "added to food" in various flavor-enhancing formulations, such as yeast extracts, cheeses. Whatever the form of free glutamate in food (dietary glutamate), the human body has no means to recognize its origin, and thus processes all glutamate forms equally. Consequently, any safety evaluation of dietary glutamate should include all available forms, as already standardized by the European Food Safety Authority (EFSA) in the case of lycopene [1] , vitamins, chlorophylls, beetroot red; and virtually all naturally present food constituents also used as food additives for specific technological applications. Other consensus points reached during the Workshop are described in detail in seven individual articles that make up the main body of this Proceedings, and are further summarized here-below (A-H):
A. Glutamate is a non-essential amino acid that is central to nitrogen and energy metabolisms of the human body. Glutamate metabolism is mostly compartmentalized within the cells, its inter-organ exchanges being limited to a flux from liver to muscle. Glutamate originating from food (dietary glutamate) is absorbed from the intestinal lumen and is metabolized by enterocytes, mainly for the production of energy to support intestinal motility and other functions. Glutamate is the most important fuel for intestinal tissue, it is involved in gut protein metabolism and is the precursor of different important molecules produced within the intestinal mucosa [2, 3] .
B. Glutamate catabolism is extremely intense in the splanchnic area and for the usual amounts of intake of monosodium glutamate (MSG) used as a food additive (up to 1-2 g), about 95% of orally ingested glutamate is metabolized in first-pass by splanchnic tissues and the remaining fraction, which is absorbed from the gut into the systemic circulation, is diluted in the systemic glutamate turnover and does not significantly affect the blood glutamate concentration, or only to a very limited extent, when provided together with a meal [2] [3] [4] . Pharmacological doses of glutamate (> 5-10 g), which are above the doses consumed, particularly when ingested in a water solution on an empty stomach, may increase the plasma circulation of glutamate; however, the appearance of glutamate in the circulation is blunted for a significant part if free glutamate, irrespective of its dietary origin, is coingested with a food which is the usual form of intake (e.g., [5] ).
C. As the principal signal molecule of the basic umami taste, glutamate is involved in the natural oral and postoral nutrient chemo-sensing that is mediated via the umami receptors located on the tongue and also throughout the gut. The taste and oral sensation of glutamate triggers the cephalic phase response of digestion to prepare for food digestion. Umami receptors found in the taste cells on the tongue respond to glutamate with no distinction between free glutamate which is naturally occurring in food and that which is added to foods. Dietary glutamate is sensed again in the gut, and the subsequent physiological responses are mediated through gustatory nerves and both humoral and neural (vagal) gut-brain pathways, with an impact on digestive processes and feeding behavior [3] .
D. The first dietary exposure to glutamate in infants is through human milk. Glutamate is the quantitatively dominant free (non-protein bound) amino acid in human milk. Based on global cross-sectional data, a typical breastfed infant obtains a mean free glutamate intake of 35.7 mg/kg body weight per day (upper end of the normal range is 134.6 mg/kg body weight per day). Based on recent precisely collected longitudinal data in milk of European women, the estimated mean daily intakes are 40 mg (upper range intakes 70.2 mg/kg); with median concentrations in cows' milk formula, daily intakes are 0.7 mg/kg body weight and with extensive protein hydrolysate formula 171.7 mg/kg body weight, with no indication of adverse effects [6, 7] . Like adults, infants utilize dietary glutamate almost entirely in the splanchnic organs, with no appreciable effect of marked variation in dietary intakes on plasma glutamate concentrations. Estimated free glutamate intakes in breastfed infants are up to 4.5-fold higher than the ADI set by the EFSA for the total population including infants, and the respective intakes of infants fed a formula based on an extensive protein hydrolysate are up to 8.3-fold higher. There is no reason to assume that feeding human milk or extensive protein hydrolysate infant formulae would be unsuitable or unsafe for infants. Consequently, setting an ADI below the range of the normal intakes with a long history of use, namely below 250 mg/kg and day, seems inappropriate [6] .
E. The dietary exposure to glutamate in adults is extensive, due to its ubiquitous presence in foods. Levels of dietary glutamate after acid hydrolysis can be as high as 50 g/kg of food in certain oilseeds. Levels of glutamate from protein in animal products are generally around 25 g/kg of food. Moreover, free glutamates can occur in relatively high concentrations (18 g/kg of food) in certain fermented foods such as cheese, preserved meats, and soy sauce, depending on aging and maturation. Food additive use levels for glutamates (E620-E625) in the Euro- late the umami taste and so would be used in only a small proportion of the foods for which they are authorized. Conservative assessments of potential high level intakes of glutamates from the use of E620-E625 range up to 80 mg/kg body weight per day for toddlers and schoolage children. Estimated high level intakes of free glutamate from natural sources give a very similar result. Intakes of glutamate from amino acids in proteins can range up to 500 or 1,000 mg/kg body weight per day for the same age groups. The use of glutamates as food additives results in free glutamate intakes comparable to those from natural sources and contributes only a small proportion to total intakes of glutamate from all sources [8] .
F. The original safety concerns with dietary glutamate, especially with the food additive forms, appeared in the late 1960s, due to the hypothesis that passage of glutamate into the systemic circulation ultimately increases brain glutamate levels, causing functional disruptions. By the 1980s, it became apparent that experiments in rodents injected with high doses of MSG were not useful in evaluating the safety of dietary glutamate in the human food supply with regard to brain function. First, the extent to which plasma glutamate concentrations must rise to produce effects in the rodent brain are never encountered in humans consuming glutamate in the context of normal diets where glutamate is highly metabolized in the splanchnic area. Second, studies in animals daily ingesting enormous amounts of MSG in their diets (up to 25 g/kg body weight per day in lactating females) over multiple generations do not cause any of the adverse effects reported to occur following injected doses of MSG. Third, it is important to note that food-added glutamate intake in the human diet is self-limiting, based on the fact that the perceived pleasantness of ingested glutamate diminishes markedly as its concentration rises, in contrast to the perceived pleasantness of sugar (sweet taste). Together, the findings from non-human primate and human studies provide evidence that MSG in the food supply presents no neurotoxicity or neurodevelopmental risks [9, 10] . G. The above arguments relate closely to behavioral aspects of developmental neurotoxicity, which is highly relevant because a preliminary behavioral neuro-developmental study conducted in 1979 [11] was used by EFSA (2017) to establish a no-observed-adverse-effect-level (NOAEL) [12] . The author of the original 1979 study reevaluated the relevance of his own results in the framework of the Workshop [13] . He noted that Sprague-Dawley rats were fed diets containing various MSG doses prior to conception, throughout gestation and lactation, and to the offspring until 90 days of age [11] . There were 21 functional tests with 31 dependent variables and 10 body weight and histological outcomes. Of the functional tests, 4 were significant with respect to the tested substance (MSG). Two effects were on swimming development: one was an improvement and the other an atypical minor delay of no significance. Two effects were on active avoidance, neither providing evidence of consistency. One effect was on passive avoidance, but was an improvement not a deficit. The last effect was on open-field rearing in the absence of its normal association with locomotion changes.
H. The principal author of the study concluded, as he did in 1979 and as did the U.S. Food and Drug Administration who sponsored the study, that there was no evidence in these data that dietary MSG was developmentally neurotoxic, hence, there was no basis for changing the NOAEL for dietary MSG [13] . Indeed, the behavioral neuro-developmental test battery has been consolidated into the international guidelines, namely OECD TG246, Redbook IV.C9.a and ICH S5, with "swimming development," "open field activity and emotionality," and "active avoidance" not listed.
The recent re-evaluation of the use of glutamic acids and glutamates by the EFSA proposed a group ADI of 30 mg/kg body weight per day based on a NOAEL derived from rodent developmental neuro-behavior [12] . The above commentaries (A-G) indicate that such an ADI is at a level below the normal dietary intake and that even mean intakes of free glutamate by breastfed infants are considerably higher than this ADI. The developmental toxicity study selected by the EFSA on which to base the ADI has not been used by other regulatory authorities worldwide as the basis of their conclusions on the safety assessment of glutamates, although it has been available for nearly 40 years. In addition, toxicokinetic data provide support for eliminating the use of the uncertainty factor for interspecies differences in kinetics. Our toxicological analysis [14] came to a conclusion that a 3-generation reproductive toxicity study in mice, that included extensive brain histopathology, provided better evidence and showed no effects up to the highest dose tested of 6.0 g/kg body weight per day. Furthermore, available kinetic data support the use of a compound-specific uncertainty factor of 25 instead of 100, indicating an ADI of at least 240 mg/kg body weight per day.
The current estimated dietary exposure to glutamates resulting from use as food additives (E620-E625) at both the mean and the 95th percentile remains far below this suggested value of at least 240 mg/kg body weight per day [14] . Considering the metabolic pathways of glutamate, the self-limiting character of glutamate taste (umami) 
